T HROUGH the courtesy of Dr. M. W. Olsen, blood samples from four Fi hybrids from the mating of Beltsville Small White turkey hens with Dark Cornish cocks (Olsen, 1960) were made available to the author. It was of interest to determine whether the red cells of the hybrids might possess immunological properties not demonstrable on the red cells of the parental species. Such properties, often referred to as "hybrid substances," were first demonstrated in Fi hybrids from the mating of ring dove females with pearlneck males (Irwin, 1932) and have since been demonstrated in a variety of hybrids as, for example, that obtained from the mating of the ringnecked pheasant with domestic fowl (Bacharach et al., 1960) . This report is concerned with the results of attempts to demonstrate a hybrid property for the red cells of turkey-chicken hybrids.
1
Collection of blood samples. Blood samples from four F x hybrids (1, 1865, 1867 and D) were collected at U.S.D.A., Beltsville, Md., and shipped via air mail to this laboratory. All other samples were collected by the author from birds in the flocks of this University. The chickens were bled from their hearts whereas the turkeys were bled from their jugular veins after the method described by Law (1960) . Sterile citrate was used as an anti-coagulant. The samples were held at refrigerator temperature when not in use.
Preparation
of antisera. Six antisera were produced in rabbits, two each against the red cells of hybrids no. 1 and no. 1,867, and two against a pool of the red cells of hybrids no. 1,865 and D. The hybrids' red cells were suspended in ethylene glycol and stored frozen ( -20°C.) until used. Each rabbit received 10 intravenous injections (marginal ear vein) of 1 ml. of a 10 percent suspension of red cells in ethylene glycol over a 28 day period. Antisera were collected on the sixth and ninth days after the last injection. Also, antisera were produced in each of the parental species. Six chickens (three Cornish, two White Leghorns and one New Hampshire) and six turkeys (three Beltsville Small Whites and three Broad Breasted Bronze) were immunized. Each received three 1 ml. injections of a 15% suspension of washed red cells in saline at four day intervals. The first injection was intraperitoneal and the remaining two were intravenous. Three months after the last injection each bird received a single '"booster" injection of 1 ml. of a washed 15% suspension. Antisera were collected in citrate solution seven and ten days after the booster injection. The antisera were heated for 30" at 56°C. to precipitate fibrin which was then removed by centrifugation. All antisera were kept frozen when not in use.
Absorptions.
Three separate absorptions were made of each antiserum. Red cells of six chickens (two White Leghorns, two Cornish, one New Hampshire and one Barred Plymouth Rock) were pooled and used for the first absorption. A second sample of each antiserum was absorbed by pooled red cells of five turkeys (two Beltsville Whites, two Broad Breasted Bronze and one Ocellate). The six chickens' cells and five turkeys' cells were combined for the third absorption. All absorbing cells were obtained from birds of the University of California flocks. In each case, one part antiserum was mixed with one half part pooled cells and immediately centrifuged. The supernatant was transferred to a second tube containing one part pooled cells, mixed, allowed to stand for ten minutes and centrifuged. The supernatant was mixed in a third tube with one part pooled cells, allowed to stand for 15 minutes and centrifuged. The final supernatant was transferred to a clean tube as absorbed antiserum.
Blood Typing
Tests. Regular saline agglutination tests were performed using two drops of antiserum and one drop of a 2.5% suspension washed red blood cells. Pyrex tubes (10X75 mm.) were used during the early part of this work, being later replaced by plastic plates as described by Braend (1961) . The tests were performed at room temperature and readings were made at one-half hour and two and one-half hours.
Observations. Four of the six rabbits possessed normal antibodies against hybrid cells and turkey cells but not against chicken cells. Similarly, four of the six chickens possessed normal antibodies against the hybrid and turkey cells. By contrast, there was no evidence of normal antibodies in turkeys for the red cells of the hybrids, chickens or other turkeys.
The average titer of rabbit anti-hybrid sera was 15.7 doubling dilutions (range 13-17), whereas those of chicken antihybrid sera and turkey anti-hybrid sera were 6.7 and 4.5 doubling dilutions respectively (Table 1 ). The relatively low titers of agglutinating antibodies in turkey antisera compared with those of chickens and rabbits is in line with the experience of Wolfe and Dilks (1949) , who observed that turkeys are poor producers of precipitating antibodies. All antisera regardless of source:-rabbit, chicken or turkey, reacted identically after absorption. Therefore, the reaction patterns shown in Table 2 are applicable to each antiserum. Unabsorbed antisera agglutinated the erythrocytes of chickens, turkeys, and hybrids. (Column 1). When absorbed with pooled chicken cells, the anti-hybrid sera were depleted of their chicken-specific antibodies but not of their turkey-specific antibodies which apparently were responsible for the positive agglutination with the turkey moiety of the hybrids' cells (Column 2). Similarly, when the antisera were absorbed with pooled turkey cells, the turkey-specific antibodies were removed leaving chickenspecific antibodies which agglutinated the chicken and hybrid cells (Column 3). However, when the antisera were exhausted of both chicken and turkey antibodies, the antisera retained a specificity for the hybrid cells. This was considered to be evidence for the presence of a "hybrid-substance" (Column 4).
The possibility remained that the parental strains of turkeys and chickens at Beltsville each possessed one or more antigens on their red blood cells which induced the formation of specific antibodies in the antisera, and that these antigens were not present in the University of California flock, such that the antibody was not removed upon absorption with U.C.D. cells.
The parents of the turkey-chicken hybrids were no longer available to supply absorbing cells, but cells were obtained from four turkeys and four chickens of the parental strains. These cells were used in the final series of absorptions of Table 2 (Column 5). The pooled cells of U.S.D.A. turkeys and chickens removed antibodies against the red cells of all chickens, turkeys, and hybrids, thereby providing negative evidence for the hybrid substance.
The various antisera used in the previous work were tested against cells representing five Galliformes species, five interspecific hybrids and three Columbiaformes species (Table 3 ). The species Gallus gallus was represented by domestic chickens and Jungle Fowl, both of which reacted identically.
Red blood cells from each U.S.D.A. bird were typed using 28 reagents which comprise the standard turkey test at this laboratory (Law, 1961) . The parental strain Beltsville Small White turkeys exhibited A-system phenotypes similar to those found in U.C.D. flock. Individual differences were seen with may reagents.
The parental strain Dark Cornish chickens reacted with only one of the turkey reagents and this exhibited no individual differences. It should be remembered that these observations are based on a limited number of individuals. The hybrids' cells showed slight reactivity in a few scattered instances but no resemblance to turkey phenotypes was apparent. The "G" factor characteristic of Ocellate turkeys (M. ocellata) at U.C.D. was not found in four "Wild turkeys" tested from U.S.D.A.
The normal sera of the U.S.D.A. turkeys lacked any appreciable complement of antibodies excluding some very weak reactions with chicken cells. On the other hand, all U.S.D.A. chickens' normal sera exhibited strong reactivity with all turkey and turkey-chicken hybrid cells. The hybrids normal sera contained weak-reacting antibodies against chickens and turkeys.
DISCUSSION
That the blood samples tested were actually derived from interspecific hybrids of turkeys and chickens was strongly indicated by the serologic tests. The antisera directed against the hybrid, when absorbed by parental species separately, retained their specificity for the other parental species.
The accepted procedure to establish proof of the existence of a so-called hybrid substance has been to exhaust the antihybrid sera of antibodies against the red cell antigens of both parental species. If the absorbed antisera show reactions with the red cells of the hybrid it is assumed that a hybrid substance is demonstrated (Irwin, 1932) . Our experience indicates that the absorbing cells must come from the same strains as the parental birds if not the hybrid's parents themselves. When anti-hybrid sera were absorbed by pooled red cells of the parental species from the U.C.D. flocks, the antisera retained a specificity for the hybrid's cells.
However, when the absorbing cells originated from birds of the same strain as the actual parents the alleged "hybrid substance" was not retained. It is possible that even after absorption by parental strains, the false hybrid specificity could persist. Therefore, the proof of an interaction specificity could be claimed only in the event that a reactivity for the hybrid's cells remained after the anti-hybrid sera have been absorbed by the red cells of the actual parents.
It has been demonstrated that the Beltsville Small White turkey and Dark Cornish chicken flocks as maintained at U.S.D.A. Beltsville, and The University of California, Davis differ antigenically. This is not surprising since U.S.D.A. strains had been selected for five generations for a high incidence of partheongenesis(01sen, 1960) .
The preinjection rabbit sera used in this test showed a weak titer of antibodies against turkey cells and no reactivity for chicken cells (Table 3) . By contrast the chicken normal sera titered to five doubling dilutions with turkey cells, but turkey sera possessed no normal antibodies against chicken or turkey red cells. Upon immunization with Fi (TXCh) red cells rabbits manufacture both anti-chicken and anti-turkey antibodies as demonstrated by differential absorption. Immunized turkeys demonstrate heteroantibodies against chickens but no iso-antibodies. Immunized chickens appear to manufacture both hetero-and iso-antibodies, however after absorption with turkey cells the chicken specificity was removed with the turkey specificity. This would suggest that only heteroantibodies which cross-reacted with chicken cells were manufactured. Alternately both hetero-and iso-antibodies could have been produced by the immunized chickens, anti-chicken antibodies being cross-reactive with antigens present on the turkey absorbing cells, and thereby being removed upon absorption with turkeys.
Rabbit antisera, when absorbed by pooled cells from both chickens and turkeys, no longer react with red blood cells of pheasants, quail or guinea fowl. A two factor system will explain these observations. Assuming that turkeys posses antigen-A and chickens antigen-B, then rabbit anti-hybrid sera contain anti-A and anti-B antibodies. Absorption by turkey (A) removes anti-A from the antisera which still reacts with pheasant, quail and guinea fowl indicating that these species possess antigen B. Absorption by chicken (B) removes anti-B from the antisera which retaines reactivity for pheasant, quail and guinea fowl suggesting that these species also possess antigen A. By removing both anti-A and anti-B from the antisera, the reactivities for the other species are removed.
However, chicken and turkey antisera apparently possess a third specificity found only in guinea fowl. When these antisera are depleted of anti-A and anti-B, they continue to react with guinea fowl cells. Let us call this factor "C" present in guinea fowl. Apparently anti-C occurs naturally in chicken and turkey plasma, but not in rabbits. The reaction pattern demonstrated by the three Columbiformes species; Livia, Risoria and Macroura, can be explained in a similar manner, although these reactivities may be due to factors other than "C." Also, the reaction patterns of the five interspecific hybrids' cells with rabbit's normal sera and antisera agree with those of the parental species when tested separately.
SUMMARY
Rabbits, turkeys and chickens were immunized with red blood cells from the hybrid progeny of Small White turkey hen and Dark Cornish cock. Appropriate absorptions of the antisera with cells of the parental strains has substantiated the authenticity of this hybrid. No hybridspecific-substance was found by agglutination tests.
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